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HIGHLIGHTS 


•  y-Mn02  as  hybrid  electrode  material  in  aqueous  asymmetric  super-capacitor. 

•  Blend  formed  by  electrochemical  polymerization  of  pyrrole  monomer  (PPy). 

•  Enhancement  of  the  specific  capacitance  by  a  factor  2  for  PPy/Mn02  electrode. 
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y-Mn02  has  been  synthesized  by  hydrothermal  process,  and  studied  as  electrode  material  in  aqueous 
asymmetric  super-capacitor.  We  studied  the  blend  formed  by  electrochemical  polymerization  of  pyrrole 
deposited  onto  y-Mn02  particles.  The  composite  materials  (PPy/Mn02)  were  characterized  by  different 
methods  including  cyclic  voltammetry,  chronoamperometry,  X-ray  diffractometry  and  BET  measure¬ 
ments.  The  specific  capacitance  at  constant  current  density  2  mA  cm-2  was  calculated  from  galvanostatic 
charge-discharge  cycling  tests.  The  asymmetric  super-capacitor  using  (PPy/Mn02)  composite  material 
has  high  specific  capacitance  of  141.6  F  g-1  compared  with  73.7  F  g-1  for  y-Mn02  before  PPy  coating.  The 
improvement  of  the  coating  is  not  only  due  to  the  electronic  conductivity  of  the  polymer,  but  also  due  to 
an  increase  of  the  BET  surface  area  that  raises  to  125  m2  g_1  after  coating,  against  64  m2  g-1  for  pristine 
Mn02. 

©  2013  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Electrochemical  super-capacitors  are  novel  devices  for  energy 
storage,  which  fill  the  gap  in  the  power  density  between  batteries 
and  dielectric  capacitors  [1,2].  Their  properties  have  been  reviewed 
in  different  books  [3,4].  Among  them,  pseudo-capacitors  are  de¬ 
vices  based  on  electrode  charge  storage.  Their  performance  de¬ 
pends  on  highly  reversible  Faradaic  electrochemical  redox  surface 
processes  and,  when  the  electrodes  are  based  on  conducting 
polymers,  on  the  thickness  of  the  polymer.  Amorphous  Ru02»nH20 
is  the  best  example  of  pseudo-capacitor  electrode,  with  specific 
capacitance  863  F  g-1  [5].  However,  the  high  cost  of  such  a  metal 
oxide  has  stimulated  researchers  to  identify  cheaper  materials 
that  exhibit  similar  behavior.  Among  them,  Mn02  possesses 
the  advantages  of  low  cost,  sufficiently  high  specific  capacitance, 
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and  is  environmentally  friendly,  which  was  the  motivation  for  the 
numerous  studies  devoted  to  this  material  as  electrode  material 
in  aqueous  asymmetric  super-capacitor  [6-8],  reviewed  in  Refs. 
[9-11]. 

The  capacitance  of  the  Mn02  electrode  is  believed  to  be  mainly 
due  to  reversible  redox  transitions  involving  exchange  of  protons 
and/or  cations  with  the  electrolyte  [12,13].  However,  the  resistivity 
and  the  equivalent  series  resistance  (ESR)  of  Mn02  electrode  are 
very  large.  In  theory,  if  one  Mn  atom  in  Mn02  is  assumed  to  store 
one  electron,  then  the  specific  capacitance  of  Mn02  should  be 
around  1370  F  g-1  [14].  In  practice,  however,  the  experimental 
values  of  the  specific  capacitance  for  pure  Mn02  is  limited  to 
135  F  g-1  for  thick  films  [7,15],  reaching  166  F  g-1  for  amorphous 
Mn02  [16].  This  is  mostly  due  to  the  intrinsically  poor  electronic 
conductivity  of  Mn02  (10-5-10-6  S  cm-1),  which  remains  a  major 
challenge  and  limits  the  rate  capabilities  for  high  power  perfor¬ 
mance  [17,18].  To  improve  the  electrical  conductivity,  Mn  has  been 
mixed  with  Ni,  which  increases  the  specific  capacitance  to  210  F  g-1 
[16],  and  considerable  research  efforts  have  been  placed  on 
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exploring  composite  structures  where  Mn02  is  combined  with 
highly  conductive  materials  such  as  metal  nanostructures  [19], 
carbon  nanotubes  [20-23],  graphene  [24,25]  or  conducting  poly¬ 
mers  [26,27].  Brousse  et  al.  evaluated  the  capacitances  of  different 
Mn02  polymorphs  and  thus  investigated  the  relationship  between 
structure  and  electrochemical  properties,  revealing  that  amor¬ 
phous  and  2D  birnessite  Mn02  were  more  competitive  as  electrode 
materials  for  supercapacitors  [28].  On  another  hand,  hydrothermal 
technique  is  a  cheap,  environmentally  friendly  method  to  prepare 
materials  in  different  nano-architectures  such  as  nanorods,  nano¬ 
wires  and  nanoparticles  [29,30],  and  has  thus  also  been  used  to 
synthesize  Mn02.  In  particular,  a  mixture  of  nanostructured  parti¬ 
cles  with  a  distinct  plate-like  morphology  and  nanorods  has  been 
obtained  in  the  a-Mn02  phase  [4].  Rod-shaped  Mn02  have  also 
been  obtained  by  another  technique  as  a  multi-crystal  with  a 
mixture  of  a-and  y-Mn02  phases  [31  ]. 

In  this  work,  Mn02  has  been  synthesized  by  hydrothermal 
method  in  the  y-phase,  and  modified  by  electro-polymerization  of 
pyrrole  to  test  its  ability  as  a  possible  active  electrode  material  in  an 
aqueous  electrochemical  super-capacitor  (SC).  The  polypyrrole 
(PPy)  coating  aims  at  obtaining  a  better  contact  between  the  par¬ 
ticles  and  a  good  electronic  conductivity  of  the  electrode.  The  PPy / 
Mn02  materials  are  characterized  by  X-ray  diffractometry  and 
Brunauer-Emmett-Teller  (BET)  measurements.  Their  electro¬ 
chemical  properties  are  investigated  using  cyclic  voltammetry, 
chrono-amperometry  and  charge-discharge  tests.  The  specific 
capacitance  was  calculated  from  galvanostatic  charge-discharge 
cycling  experiments. 

2.  Experimental 

The  Mn02  particles  were  synthesized  by  hydrothermal  method. 
Analytical-grade  chemicals  MnCl2-4H20  and  I<Mn04,  (from  Acros 
Organics)  were  used  as  received  without  any  further  purification. 
1.98  g  of  MnCl2  •  4H20  was  dissolved  in  50  mL  of  distilled  water  and 
2.89  g  of  I<Mn04  dissolved  in  50  mL  distilled  water  was  added  upon 
stirring  for  about  20  min  and  preheated  to  80  °C.  The  obtained 
brown-color  precipitate  was  washed  out  with  distilled  water 
several  times  and  dried  in  a  vacuum  oven  at  around  110  °C  for  10  h. 
The  specific  surface  area  was  estimated  by  BET  analysis  using  a 
Quantasorb  (Quantachrom)  apparatus.  The  structure  of  the  samples 
was  investigated  using  an  X-ray  diffractometer  (model  Philips 
X’Pert)  using  nickel-filtered  Cu-Ka  radiation.  The  diffractograms 
were  taken  at  room  temperature  in  the  2#-range  10-80°. 

The  electrochemical  tests  were  carried  out  using  a  PC-controlled 
potentiostat  ( VOLTALAB  50,  Radiometer).  All  cyclic  voltammograms 
were  recorded  at  room  temperature,  using  a  single  compartment  of 
a  three-electrode  cell.  We  have  reported  the  preparation  of  the 
working  electrode  in  a  previous  work  [32].  Mn02  powders  were 
pressed  on  a  bar  carbon,  3  mm  diameter  inserted  inside  a  Teflon 
tube,  after  the  carbon  was  polished  and  rinsed  with  distilled 
water.  The  working  electrode  potentials  were  measured  against  an 
aqueous  saturated  calomel  electrode  (SCE).  A  pure  carbon  bar  was 
used  as  counter  electrode.  The  charge-discharge  tests  were  carried 
out  in  a  two-electrode  cell  using  1  M  Na2SC>4  as  the  electrolyte.  The 
electrodes  (20  mg)  were  prepared  by  mixing  70  wt.%  Mn02  powder 
as  active  material,  20  wt.%  acetylene  black  (Alfa,  >99.9%)  and 
10  wt.%  graphite  (Prolabo).  The  mixture  was  pressed  on  graphite 
current  collector  with  a  surface  1  cm2.  A  glass  paper  separator  was 
placed  between  the  working  electrode  and  the  auxiliary  electrode. 

3.  Results 

Fig.  1  shows  the  typical  X-ray  diffraction  (XRD)  pattern  of  the  as- 
prepared  Mn02.  The  XRD  diagram  is  characterized  by  broad  peaks 


Fig.  1.  XRD  diffraction  pattern  of  as-prepared  Mn02. 

located  at  ca.  23.8,  37.29,  41.87  and  66.25°,  which  can  be  indexed 
according  to  the  crystallographic  variety  y-MnC^.  The  crystal 
structure  of  y-Mn02  consists  in  a  combination  of  octahedral  Mn06 
units.  Double  chains  of  edge-sharing  Mn06  octahedra  share  corners 
[33],  and  form  (lxl)  and  (1  x  2)  tunnels  that  extend  along  the 
short  crystallographic  axis  of  the  orthorhombic  unit  cell.  The 
crystallographic  parameters  of  the  pristine  Mn02  sample  calculated 
by  least-square  fit  using  the  orthorhombic  symmetry  Pbnm  space 
group  of  y-Mn02  are  a  =  4.13  A,  b  =  9.97  A  c  =  2.81  A  so  that  the 
volume  of  the  unit  cell  is  V  =  116.12  A3.  Moreover,  the  XRD  spec¬ 
trum  remains  unchanged  after  the  electrodeposition.  Therefore,  the 
electrodeposition  of  PPy  occurring  as  a  very  thin  layer  undetectable 
by  XRD  does  not  affect  the  core  of  the  particles. 

The  SEM  image  of  the  MnC>2  particles  before  and  after  covering 
with  PPy  in  Fig.  2  shows  that  the  Mn02  powder  is  made  of  porous 
MnC>2  particles  of  regular  shape,  with  an  average  grain  size  250  nm. 
Note  that  the  electrochemical  polymerization  process  does  not 
change  the  morphology  of  the  Mn02  grains,  but  the  coat  of  the 
particles  with  PPy  smears  out  the  roughness  of  the  surface  of  the 
particles. 

The  electro-deposition  of  PPy  was  carried  out  following 
the  procedure  described  in  prior  works  [32,34],  with  chro- 
noamperometry  test  at  monomer  oxidation  potential  0.9  V  vs.  SCE. 
The  chrono-amperogram  displayed  in  Fig.  3  shows  the  variation  of 
the  current  density  with  time.  The  formation  of  polypyrrole  at  this 
low  voltage  (0.9  V)  takes  a  long  time,  but  this  cannot  be  avoided 
because  the  electrolyte  could  be  oxidized  at  higher  voltage,  in 
which  case  the  polymer  film  would  be  fissured  [35].  This  potential 
was  chosen  from  the  voltamperometry  curve.  The  fast  decrease  of 
the  current  density  observed  from  0.16  mA  cnrT2  to  a  steady  value 
lower  than  0.01  mA  cm-2  is  representative  of  the  starting  oxidation 
of  the  monomer.  After  40  min  of  electro-polymerization,  the  spe¬ 
cific  area  of  the  particles  of  the  PPy/Mn02  final  product  was 
analyzed  by  BET  and  compared  with  the  as  prepared  Mn02  mate¬ 
rial.  As  a  result,  the  BET  surface  area  is  125  m2  g_1,  which  is  larger  by 
51%  than  that  of  pristine  MnC>2  (64  m2  g-1).  This  result  gives  evi¬ 
dence  that  the  PPy  deposit  has  covered  the  surface  of  the  particles, 
a  result  that  is  consistent  with  the  SEM  images  in  Fig.  2. 

The  MnC>2  and  the  PPy/Mn02  electrodes  obtained  after  1, 10,  20, 
and  40  min  of  electro-polymerization  were  subjected  to  galvano¬ 
static  charge-discharge  cycling  between  0  and  1  V  vs.  SCE  in 
aqueous  1  mol  L-1  Na2S04  electrolyte,  using  carbon  anode.  Note  the 
potential  has  been  chosen  small  enough  to  make  sure  that  the  PPy 
coat  does  not  oxidize,  since  this  oxidation  takes  place  at  1.2  V.  The 
time  dependence  of  the  potential  E(t)  during  the  first  few  cycles 
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Fig.  2.  SEM  images  of  Mn02  particles  (left)  and  grains  covered  with  PPy  electrodeposited  during  40  min  (right),  at  two  magnifications. 


performed  at  current  density  j  =  2  mA  cm-2  is  shown  in  Fig.  4.  A 
pure  capacitance  behavior  would  lead  to  a  linear  variation  of  po¬ 
tential  with  time  (with  slope  j/C  with  C  the  capacitance).  This 
behavior,  however,  requires  the  rapid  response  of  the  interface  to 
changes  in  electrode  potential,  which  is  characteristic  of  the  elec¬ 
trochemical  double  layer  capacitors  (EDLC).  This  is  not  the  case 
here,  because  of  some  saturation  effect  at  the  end  of  charge  and 
discharge,  giving  evidence  that  the  carbon  used  in  this  experiment 
does  not  play  the  role  of  the  EDLC.  We  shall  return  to  this  problem 
in  the  discussion.  At  this  point  it  is  sufficient  to  note  that  the 
capacitance  C  can  be  deduced  from  the  linear  part  of  the  E(t)  curve. 
The  durations  of  charge  and  discharge  are  almost  equal,  meaning 


Fig.  3.  The  chronoamperometric  response  of  prepared  Mn02  electrode  in 
0.01  mol  L-1  Py/0.1  mol  L-1  LiC104,  submitted  at  potential  0.9  V  vs.  SCE. 


good  reversibility.  We  can  see  in  Fig.  4  that  the  charge-discharge 
time  of  the  as-prepared  Mn02  is  lower  than  that  of  PPy/Mn02 
materials  prepared  after  the  electro-deposition  times  of  1,  10,  20 
and  40  min,  reflecting  the  PPy  coating  effect.  The  PPy/Mn02  sample 
prepared  after  40  min  has  the  maximum  specific  capacitance  (SC) 
141.6  F  g-1,  while  that  of  Mn02  is  73.7  F  g'1  only.  The  energy  density 
of  PPy/Mn02  is  then  12.6  Wh  kg-1  and  the  power  density  available 
is  34  W  kg-1. 

Fig.  5  shows  the  galvanostatic  charge-discharge  curves  obtained 
during  the  first  cycle  with  the  electrodes  made  of  Mn02  and  PPy/ 
Mn02  prepared  after  40  min,  and  measured  in  1  mol  L-1  Na2S04 
electrolyte  at  various  current  densities  from  2  to  10  mA  cnrT2  by  step 
of  2  mA  cm-2.  The  SC  measured  in  the  same  way  with  Mn02  and  PPy/ 
Mn02  obtained  after  20  and  after  40  min  of  electro-deposition  of  PPy 
are  reported  in  Table  1.  The  larger  SC  for  PPy/Mn02  is  due  to  the 
improvement  of  the  electronic  conductivity  between  the  particles, 
owing  to  their  PPy  coat.  The  SC  decreases  when  the  current  density 
increases,  which  reflects  the  loss  of  efficiency  of  the  active  material 
at  high  current  densities.  The  SC  of  Mn02  and  PPy/Mn02  are  reported 
in  Table  1,  for  PPy/Mn02  obtained  after  20  and  after  40  min  of 
electro-deposition  of  PPy  on  Mn02  particles.  These  results  clearly 
show  the  positive  effect  of  PPy  electro-deposition  on  prepared 
Mn02,  which  could  be  applied  to  other  materials  as  electrode  of 
pseudo-capacitors. 

The  Mn02  and  PPy/Mn02  pseudo  capacitance  is  due  to  the 
Mn4+/Mn3+  reversible  redox  reaction;  this  process  is  accompanied 
by  reversible  insertion/extraction  of  alkali  cation  Na+  or  protons 
H30+  present  in  the  electrolyte  [6]: 

Mn02  +  Na+  +  e“  MnOONa.  ( 1 ) 

Note  that  the  specific  capacitance  of  PPy/Mn02  materials  is 
proportional  to  the  thickness  of  the  PPy  deposit.  To  evaluate 
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Fig.  4.  Galvanostatic  charge-discharge  cycling  at  2  mA  cm-2  between  0  and  1  V  vs.  SCE 
in  aqueous  1  mol  Ir1  Na2S04  electrolyte  of  prepared  Mn02  (a)  and  PPy/Mn02  (b)  after 
1, 10,  20  and  40  min  of  electropolymerization. 


the  performance  of  the  composite  material,  the  specific  capac¬ 
itance  of  the  C//PPy-Mn02  capacitor  was  measured  in  a  constant 
charging-discharging  experiment  at  a  discharge  current  density 
2  mA  cm”2  over  500  cycles  on  a  sample  obtained  after  40  min  of 
electro-deposition  of  PPy  on  Mn02  (Fig.  6).  The  stabilization  of 
specific  capacitance  indicates  that  the  electrode  has  regular 
capacitive  behavior  and  good  cycling  stability. 

The  beneficial  effect  of  the  electro-deposition  of  PPy  can  also  be 
evidenced  by  the  ac  impedance  measurements  that  have  been 
carried  out  at  open-circuit  voltage  using  perturbation  voltage 
amplitude  10  mV  in  the  frequency  range  from  100  kHz  to  50  mHz. 
The  results  reported  in  Fig.  7  for  the  Mn02  sample  before  and  after 
electro-deposition  during  40  min  have  been  analyzed  following  the 
procedure  described  in  Ref.  [36].  As  a  result,  the  charge  transfer 
resistance  that  reaches  210  Q  cm2  for  the  pristine  sample  decreases 
to  235  Q  cm2  after  the  electro-deposition. 


0  10  20  30  40  50 

1 1  mn 


Fig.  5.  Galvanostatic  charge-discharge  curves  of  Mn02  (a)  and  PPy/Mn02  (b)  prepared 
after  40  min  composites  electrodes  measured  in  1  mol  L-1  Na2S04  electrolyte  at 
various  current  densities  of  2,  4,  6,  8  and  10  mA  cm  2. 


4.  Discussion 

Because  of  the  very  low  conductivity  of  Mn02,  the  content  of  the 
conducting  material  such  as  carbon  included  in  the  electrode  is 
critical  in  obtaining  a  material  with  high  electrochemical  perfor¬ 
mance.  Presence  of  carbon  in  the  active  material  up  to  20  wt.% 
creates  an  electric  path  between  the  oxide  particles,  thus  increasing 
the  number  of  active  sites  for  the  electrochemical  faradaic  reaction 
[37],  and  this  amount  of  carbon  is  required  to  obtain  C—V  curves 
rectangular  in  shape,  indicating  a  typical  capacitor  behavior  [16]. 
Clearly,  the  low  specific  capacitance  obtained  before  PPy-coating 
(73.7  F  g”1)  shows  that  the  20  wt.%  acetylene  black  (Alfa)  fails  to 
play  this  role.  Actually,  the  specific  capacitance  of  carbon  ranges 
from  70  F  g”1  for  pure  Black  pearls  2000  [16]  to  26  F  g”1  for  a 
commercial  activated  carbon  for  supercapacitors  [31].  Therefore, 
the  value  of  73.7  F  g”1  may  even  be  overestimated,  thus  confirming 
that  only  few  particles  at  the  surface  of  the  powder  participate  to 
the  electrochemical  process.  This  is  in  agreement  with  prior  works 
showing  a  drop  in  capacitance  and  columbic  efficiency  on 
increasing  film  thickness  [3,38].  Indeed,  Mn02  has  improved  spe¬ 
cific  capacitance  only  when  deposited  onto  carbon  nanotubes  and 
conductive  polymer  like  PPy  [21,39,40],  or  ternary  compounds 
involving  both  nanotubes  and  conductive  polymers  [41  ]  in  order  to 
overcome  the  problem  of  inherent  low  conductivity.  The  simple 
coating  of  the  y-Mn02  in  the  present  work  increases  the  specific 


capacitance  up  to  141.6  F  g”1,  which  is  competitive  with  the  results 
reported  in  the  literature  for  the  conventional  slurry-pasted  thick 
electrodes  (>1  mg  cm-2)  of  pure  Mn02  particles  without  inclusion 
of  very  conductive  additives.  Actually,  the  specific  capacitance 
compares  well  with  that  of  amorphous  Mn02  considered  as  more 
performing  than  well  crystallized  Mn02.  The  reason  is  that  the 
deposit  of  PPy  maintains  crystallinity,  which  is  critical  to  reduce 
grain  boundaries  and  their  resulting  mass  transfer  effects  [42]. 

Our  results  in  the  present  work  for  y-Mn02  ( 141.6  F  g”1  for  a  BET 
surface  area  125  m2  g”1)  are  about  the  same  as  obtained  for  a- 
Mn02  (168  F  g”1  for  a  BET  surface  area  132  m2  g”1  [4]).  Therefore, 
we  can  conclude  that  the  electrochemical  performance  of  Mn02  is 
essentially  the  same  for  the  y-  and  the  a-Mn02  varieties.  It  should 


Table  1 

Specific  capacitance  (SC)  of  Mn02  and  PPy/Mn02  at  different  currents. 


i  (mA  cm  2) 

SC  of  Mn02 
(Fg-1) 

SC  of  PPy/Mn02 
after  20  min  (F  g_1) 

SC  of  PPy/Mn02 
after  40  min  (F  g^1) 

2 

73.68 

123.96 

141.6 

4 

37.08 

68.2 

68.04 

6 

21.96 

42.48 

41.94 

8 

12.24 

19.2 

24.48 

10 

5.7 

10.5 

13.5 
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Fig.  6.  The  variation  of  specific  capacitance  of  PPy/Mn02  electrode  vs.  cycle  number. 
Charge  and  discharge  experiments  were  carried  out  at  2  mA  cm  2. 


be  noticed,  however,  that  the  morphology  of  the  particles  is 
different  in  these  two  cases.  In  the  present  work,  the  y-Mn02 
particles  are  almost  spherical,  about  500  nm  in  diameter.  On 
another  hand,  the  SEM  images  of  the  a-Mn02  particles  in  Ref.  [4] 
show  the  presence  of  nanorods  in  addition  to  the  500  nm-thick 
particles.  Therefore,  the  nanorods  do  not  seem  to  play  an  important 
role  in  the  samples  of  ref.  [4].  This  surprising  result  suggests  that 
the  weight  of  the  nanorods  is  small  with  respect  to  that  of  the 
500  nm  thick  particles.  This  result  also  gives  evidence  that  the 
definite  pores,  which  are  comparable  in  the  two  cases  as  they  lead 
to  almost  the  same  specific  surface  area,  play  the  critical  role  in  the 
redox  process  when  Mn02  is  used  as  an  electrode  material  in  a 
supercapacitor.  In  addition,  it  is  well  known  that  only  a  thin  layer 
(up  to  a  few  hundreds  of  nanometers)  of  oxide  nanomaterials 


200  300  400  500  600 


Z'  (Q) 

Fig.  7.  Nyquist  diagrams  of  pristine  Mn02,  and  PPy/Mn02  after  40  min  of  electro¬ 
deposition  of  PPy. 


participate  efficiently  in  the  charge  storage  process  [17].  The  results 
in  the  present  work  or  in  ref.  [4]  show  that  the  size  of  the  particles 
(500  nm)  is  still  too  thick.  Indeed,  high  specific  capacitance 
>600  F  g-1  for  Mn02  are  obtained  only  with  Mn02  ultra-thin  films 
tens  of  nanometer  thick  [3,43,44],  and  3-dimensional  electrode 
designs  in  which  nanoscopic  Mn02  deposits  are  incorporated 
directly  onto  the  surface  of  nanostructured  carbons  [13,45-48]  so 
that  the  whole  Mn02  material  participates. 

5.  Conclusion 

In  this  study,  manganese  dioxide  crystallized  in  the  y-Mn02 
phase  was  prepared  by  hydrothermal  method.  The  electrodeposi¬ 
tion  of  PPy  on  prepared  Mn02  was  carried  out  with  chro- 
noamperometry  test  at  different  times.  The  BET  surface  area  of  PPy/ 
Mn02  is  larger  than  that  measured  with  prepared  Mn02  by  51.2%. 
The  presence  of  PPy  improves  the  electrochemical  performance  of 
the  composite  material  electrode  and  increases  the  specific 
capacitance.  The  electrochemical  studies  reveal  that  the  electrode 
performance  of  the  composite  material  (PPy/Mn02)  as  an  electrode 
material  prepared  after  40  min,  defined  as  the  specific  capacitance 
per  gram  of  the  composite,  reaches  141.6  F  g~\  against  73.7  F  g-1 
before  coating.  These  results  well  compare  with  results  obtained  on 
a-Mn02  with  the  same  porosity.  In  addition,  while  the  coating  with 
PPy  is  known  to  improve  the  capacitance  due  to  the  beneficial  effect 
of  its  electronic  conductivity,  we  find  that  the  main  effect  is  actually 
due  to  the  fact  that  PPy  increases  the  pore  accessibility  in  the 
mesoporous  Mn02  electrode.  The  porosity  is  thus  the  crucial 
parameter  that  determines  the  intrinsic  electrochemical  of  this 
material. 
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